Appl. No. 10/781,644 
Amendment dated February 14 t 2005 
Reply to Office Action of October 13, 2005 

REMARKS/ARGUMENTS 

Claim 1 is the only claim pending in this application. Reconsideration of the 
subject patent application and allowance of the claim is respectfully requested in view of 
the following remarks. 

The Examiner objected to the specification as the meaning of "fm" and "EC" are 
not clear, "fm" is a typographical error of "pm" and "EC" is a typographical error of "°C" 
as supported by the parent application 10/097,975. Applicants amended the 
specification to correct those errors, and request the Examiner to withdraw the objection 
to>"fm" and "EC" in the specification. 

The Examiner rejected claim 1 under 35 U.S.C. §112, the second paragraph as 
"EC" is indefinite. "EC" is a typographical error of "°C" and applicants amended claim 1 
to correct those errors. In light of the amendment, the Examiner is respectfully 
requested to withdraw the rejection. 

The Examiner rejected claim 1 under 35 U.S.C. §1 03(a) as being obvious over 
Finnemore et al. (6,514,557 B2). The Examiner acknowledged Finnemore et al. fails to 
teach the substrate being monocrystalline strontium titanate, but took the position that 
one skilled in the art at the time the invention was made would have had a reasonable 
expectation of achieving similar results regardless of whether the substrate was 
monocrystalline or not. The Examiner then invited to supply a showing of unexpected 
results regarding the criticality of the crystalline state of the substrate. 
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Applicants believe that the critical current density (Jc) of the MgB2 thin film is 
greatly influenced by the crystalline state of the substrate. Crystalline growth of the 
MgB2 thin films depends on the crystalline state of the substrate. An MgB2 thin film 
formed on a monocrystalline substrate has a c-axis oriented crystal structure. On the 
other hand, an MgB2 thin film formed on a non-monocrystalline substrate has a 
disordered crystalline orientation and forms a polycrystalline structure. 

The critical current density (Jc) of the MgB2 superconductor of Finnemore et al. 
is approximately 0.4 MA/cm2 (see the value at zero magnetic field of line 404 in Fig. 8 
of Finnemore et al.; a marked copy of Fig. 8 is attached). On the other hand, the critical 
current density (Jc) of the MgB2 film of the present invention is approximately 20 
MA/cm2 (see Figure 4 of W.N. Kang et al., Physical C, pp24-30 (2003), which was filed 
with the Declaration of June 23, 2004; a marked copy of Figure 4 is also attached). The 
critical current density (Jc) of the MgB2 film of the invention is approximately 50 times of 
that of Finnemore et al., and applicants submit that this unexpected result distinguishes 
the current invention from Finnemore et al. 
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In light of the foregoing amendments and remarks, applicants submit that the 
present application is now in condition for allowance. Reconsideration and favorable 
action are earnestly requested. 



Respectfully submitted, 
By C. £> ~%££Juu*2lU 



G. Franklin Rothwell 

Attorney for Applicants 

Registration No. 18,125 

ROTHWELL, FIGG, ERNST & MANBECK, p.c. 

Suite 800, 1425 K Street, N.W. 

Washington, D.C. 20005 

Telephone: (202)783-6040 

Facsimile: (202) 783-6031 
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Fig. 3. Temperature dependence of 2ero-field-CQoled magneti- 
zation data at 10 Oe for the lilms fabricated at (a) 700-950 9 C 
for 50 min and (b) 900 fl C for 30-120 min. 

good sample for studying physical properties. 
However, M900C30m better satisfies the require- 
ments for practical applications because of its 
higher T z and J e (see Fig. 4). Using M950C30m, 
indeed, decisive experimental result was obtained 
by Iavarone et al. [2], confirming the two-gap na- 
ture of the MgB 2 superconductor. In Fig. 3(b). the 
samples annealed for 60-120 min show a lower 7; 
and a broad superconducting transition, indicating 
that longer annealing degrades superconductivity 
by changing the growth orientation of MgB 2 
grains, as shown in the SEM images. 

Fig. 4 shows the magnetic field dependence of J c 
at 5 K for M700C3Gm, M800C30m, M900C30m 1 
M950C30m, M900C60ra, and M900C120ra. To 
estimate the critical current density, we measured 
the magnetic field dependence of magnetization 
(M-H) loop. The sample si*c, 5x3-4 mm 2 , ra- 
ther than the grain size, was used to evaluate J c by 
using Bean's model [33]. M900C30m had the 
highest J c of all the samples, 2.5 x 10 ? A/cm 2 at 5 




Fig. 4. Magnetic field dependence of J t at 5 K for various films 
grown at 700-950 a C for 30 min and ut 900 fl C for 30-120 min. 

K in 2ero field, which is comparable to the values 
in previous reports on MgB? films [7,19,32] and on 
high-7 c cuprates [34,35]. A J c of ~10 6 A/cm 2 at 4.5 
T is sufficiently high for practical applications of 
high-field superconducting magnet systems. This 
result reflects that the grains of M90OC30m are 
connected very strongly with a high density of 
pinning sites, such as stacking faults, dislocations, 
and grain boundaries. At zero field, die J Q values 
for the other films are ~ 6 x 10 € A/cm 2 at zero 
field, but the magnetic field dependence of J c shows 
quite different behavior. The samples annealed at 
equal or below 900 °C and for shorter time (30 min), 
show weak-field dependence compared to the sam- 
ples of M950C30m and M900C120m. As shown in 
the SEM image (Fig. 1(f)), M900Cl20m has a 
polycrystalline structure; thus, the J Q depends 
strongly on the magnetic field as with polycrys- 
talline Fe-clad MgB 2 wires [13]. Different from 
M900C120m, however, M950C30m shows a very 
dense surface morphology highly oriented along 
the c-axis as shown in Fig. 1(d). In the case 
of this film, the strong-field dependence of J Q 
probably implies that this sample contains fewer 
pinning sites than M900C30m (Fig. 1(c)). Our J t 
data further support the fabrication process for 
M9Q0C3Qru sample being the optimal condition 
for large-scale applications. For electronic-device 



